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Pacemakers and defibrillators have always been exposed to a 
“hostile” electromagnetic environment from a variety of exter- 
nal sources in the medical, business and home environments, 
including microwave ovens, airport metal detectors, CB radios, 
X-ray equipment, antitheft devices, household appliances and 
power tools. The latest hazard is digital cellular telephone 
technology. Physicians will soon have to decide whether the 
evidence supports restrictions on cellular telephone use in 
patients with pacemakers. Hopefully, the cooperation of cel- 
lutar phone companies, pacemaker manufacturers and physi- 
cians will lead to an improvement in our understanding of the 
effects of this technology on implantable devices. 
Potential sources of pacemaker interference. Any radiofre- 
quency signal with a frequency up to lo9 Hz and of sufficient 
intensity may affect pacemaker function. This broad spectrum 
includes diverse sources, such as alternating current, micro- 
waves and radar. Higher frequency portions of the electromag- 
netic spectrum, such as infrared and ultraviolet rays, diagnostic 
X-rays and gamma rays, do not interfere with pacemakers 
because their wavelengths are much shorter. 
Several basic physical principles underlie the effects of all 
external energy sources on implantable cardiac devices. The 
strength of the external signal, the distanceof the signal from 
the pulse generator and the size of the receiving “antenna” all 
influence the likelihood of alteration of pacemaker function. 
For example, pulse generators with unipolar leads are far more 
likely to experience interference than those with bipolar leads, 
whereas shielding the pulse generator from an external mag- 
netic field reduces the likelihood of pacemaker interference. 
Pacemakers may respond to interference from the electromag- 
netic environment by inhibiting the pulse generator pacing 
output (the most worrisome response), triggering of a more 
rapid ventricular paced rhythm with VDD and DDD pulse 
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generators or asynchronous pacing or by switching to a backup 
or “reset” pacing mode. 
Cellular telephone techoolugy. Currently in the United 
States almos! all cellular telephones use simple analog fre- 
quency modulation technology. In analog systems, messages 
are transmitted by varying either the amplitude or frequency of 
a continuous radio wave. In contrast, messages are transmitted 
as a series of rapid bursts of pulses in digital systems. Digital 
transmission increases channel capacity by allowing several 
users to transmit messages at the same time on the same 
frequency. Two types of digital technology are being intro- 
duced in the United States--Code Division Multiple Access 
(CDMA) and Time Division Multiple Access (TDMA). The 
current standard in Europe is the Global Standard for Mobile 
Communications (GSM), which uses the TDMA technology. 
The power generated by some GSM portable phone ranges 
from 0.02 W to 2 W because of the greater distance they have 
to transmit to base stations. As the United States adopts digital 
cellular technology system, the maximal power output of these 
devices may reach 8 W. 
As demonstrated by Naegeli et al. (1) in this issue of the 
Journal, innumerable factors may be responsible for the inter- 
action between digital cellular telephones and pacemakers. 
Diverse designs of pulse generators, including differences in 
circuitry and shielding, will influence the likelihood of pace- 
maker interference. Likewise, different power outputs and 
mode of function as well as cellular telephone frequency will 
affect the occurrence of pacemaker interference. Other factors 
that need to be evaluated include the orientation of the cellular 
telephone and its antenna relative to the pacemaker leads and 
pulse generator. Different combinations of manufacturers’ 
cellular telephones along with various combinations of leads, 
pulse generators and programmed variables lead to a myriad of 
possible interactions to be tested. 
Present study. For a large number of patients, cellular 
telephones are an important issue. The present study (1) 
evaluated the effects of cellular telephones in 39 patients with 
six different dual- and single-chamber pacemaker models from 
four manufacturers. This study was conducted in Europe using 
three different models of digital cellular telephones with a 
maximal power output of 8 W. Patients were tested during 
continuous electrocardiographic (ECG) monitoring and with 
the pacemaker programmed to different sensitivities during 
different modes of telephone function (dialing, standby, oper- 
ating). Telephones were positioned either over the pulse 
generator or over the presumed site of the atrial or ventricular 
leads. Pacemakers were programmed to the DDD,, WI or 
VDD mode. Eighteen percent of patients demonstrated repro- 
ducible transient interference during 3.9% of tests (26 of 672) 
when the telephone was in the operating mode. Interference 
was most commonly seen at high power output of the phone 
and with maximal programmed sensitivity of the pacemaker. 
Importantly, when bipolar and unipolar sensing were tested in 
the same patients. ventricular inhibii was seen only with 
unipolar sensing. The authors cottchtde that digital cellular 
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phones in close proximity to implanted pacemakers may cause 
transient pacemaker dyshmction but no permanent damage. 
They recommend that pacemaker-dependent patients should 
be tested for possible interference from cellular phones. Fur- 
thermore, they recommend that patients carry and use cellular 
phones on the side opposite to their pu!sz generator. 
Unsolved problems. It is likely that these diverse and 
sometimes uncontrollable factors are responsible for the dis- 
parate findings in the sparse current published reports Bar- 
baro et al. (2) reported interference in 26% of implanted 
pacemakers, often at less than maximal programmed sensitiv- 
ities. In that study, persistent inhibition of pacemaker output 
was produced for the entire duration of telephone transmission 
with some pulse. generators. Other preliminary reports (3-6) 
suggest that interference may sometimes be seen at up to 
200 cm in vitro and with a frequency as high as 57% with an 
S-W telephone output. Other groups have reported (3-6) a 
lower incidence of pacemaker interference (7%) and a shorter 
duration of inhibition. It is diIIicuh to draw firm conchrsions 
from such divergent findings. A clearer estimation of the 
clinical risk of pacemaker-telephone interactions is “on hold” 
pending further detailed investigations. 
The present study has clearly demonstrated the potential 
for interaction between pacemakers and cellular phones. The 
clinical frequency of this behavior remains unknown. With an 
estimated I6 million cellular phones currently in use in the 
United States and 130,000 pacemakers implanted yearly, even 
a low incidence of interference can result in a significant 
clinical problem. Further studies must address a number of 
important questions: What is the true incidence of phone 
interaction with pacemaker patients and who is at risk? Can 
bystanders using cellular phones cause pacemaker interfer- 
ence? Can bench table testing predict the results of patient 
testing? What programmable variables or cellular phone fea- 
tures predispose to pacemaker interference? Do ail pacemaker 
models in existence now need to be tested for cellular phone 
interaction? Can implantable cardiovetterdefibriIlator timc- 
tion be affected by cellular phones? Who is responsible for 
identifying pacemaker-phone interactions-manufacturers, 
physicians or pacemaker companies? 
CIIIcaI mamagernent. Chnical management today suffers 
from the paucity of published data. In the United States, the 
Food and Drug Administration issued guidehtrcs in November 
1995 suggesting that no special precnutions need to be taken in 
patients with analog ceIIular telephones (7). Patients using 
analog and digital cellular telephones with a power output up 
to 3 W should keep their telephones (and phone antenna) at 
least 6 in. from an implanted pacemaker when the telephone is 
on. In general, it is unlikely for irmzference with a pacemaker 
toarisewhenitisplacedontheoppositesideofthebodyfrom 
the pulse generator. A larger separation between a digital 
phone capabIe of tranaitting at power levels 23 W is 
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recommended. In some circumstances (e.g., a pacemaker- 
dependent patient), physicians may wish to monitor a patient’s 
ECG during the initial use of a celhdar phone and while it is 
turned on. Information about the management of implantable 
cardioverter-defibrillator-dependent patients and cellular 
telephones is almost nonexistent. Implantable cardioverter- 
defibrillators may pose a greater risk for interaction wuh 
cellular telephones because of their higher sensitivities and a 
“bigger antenna” in patients with integrated bipolar sensing/ 
defibrillation leads as well as the possibility of interference 
causing the defibrillator to discharge inappropriately (8). Al- 
though some manufacturers have incorporated electromag- 
netic filters that are effective in preventing interference from 
digital cellular phones, this is not the case for all devices, as 
demonstrated by Naegeli et al. (1). With recognition of the 
potential adverse interaction between digital c&dar phones 
and some pacemakers, it is recommended that appropriate 
filters be incorporated in future pacemakers from all manufac- 
turers (9). 
It is clear that more information is needed before we inform 
patients with pacemakers that ceUular telephones may be 
dangerous. Ahhough there b certainly the potential for prob- 
lems, it is worth noting that there have been no reported 
adverse clinical episodes to date. Unless pacemaker aad 
celluix telephone manufacrurers start addres&g concerns 
about clinical interactions at the time of pacemaker and 
telephone development, identilication and reporting of prob 
lems will always lag behind this rapidly evolving technology. 
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